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RESTRITEED 
A stabilization system is considered in which the blade mase and. : 
rodynemic characteristice ere modified so ae ta result im cyclic 
fewthering sowments tending to stabilige the helicopter. Fhe svush plate 

x la permitted to resperd to these staniideiog momsnzte By being connected 

to the pllot’s cyelic pitch comtrol by a epring apd a viecons damper in : 

paraliel. The effecta of incorporating different types of maga aad 

grrodynanic characteristice and different megnitades of clastic and is 

: 

viscour regtrainte are considered. A theoretical analysis is presented i 

by means of which root ioci aad response curves are uta’: Aa eveiusticu i 

of the usefulness of the ¢eri-= is attempted. 
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Wallies it appears fecnible to auccesefully stabilize a balicop Cer 
with en suteaatic pilot, the iacommwetion of euch a dawice iupesca a 
severe penalty whee factars auch aa weight, cost, aad peintemence ere 
teken inte consideration. Thee atilizatiom of a simgle meckenical etebili- 
#ation method, suck as the cae conzidereg in this atudy, could decidedly 
reduee such penalties in adéitica te minimising the possibilities af 
fetlexvs ia the aysten. 


Tae wtebtlization method under consideretioa was previcusly proposed 
by RN. Killer (Ref. 1 and 2). In this system the pilot's cyclic pitch 
eentrol is connected to the non-rotatieg part of the ewash plate threagh 
@ spring and «a viscous deaper in perallel (Fig. 1). MNarmonic mowent 
variations about the blade feathering exis arms fed beck throwgh the blade 
linkages to the swash plete. Fes motion of the swash piate in reeponse 
to thease moment warlatiocas iatroducse cyclic pitch changes waich, for ¢ 
properiy designed systen, have 3 stebilising effect waon the helicopter. 
fre harmonic mment yvaristions can be udtained ty displaciag ths Slade 
center of grevity or tke blade serodynamic center from the feathering 
axis, ox by use of an unsyemetrical airfoil saction. Since the reatrrints 
are applied to the non: rotating part of the aswuah plate, aifferent dearens 
of stabilization are obtainable in the letersi and Longitudinal motions. 
It would thus be possible to provide adequate stubilization for the 


pitching motion withous cverstabilising the helicopiex is ral. 
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See of the affects of thie means cf etahbiiisatiag cam be guricieond 
e@ felleur. if the tis mite plage ef 2 ee is ratsted whi seepoen 
+e the Morisen abeut tea pitching axis, QTPEreoets masts preberktomek 
to the pitching welecitiy act om the Dliedew sluat the relites axtie. Giese 
She pitching metisa rafarred to ie with raenect te tha Beriaea, it can be 
envisioned ax combicing the pitchiag mation of the kealicepter sad che 


pitching ef the tip pate pisme with rewpect fe tha shaft. Ut the Olode 


{eater of gravity is leteted ebmad sf ths bias Teetkering OFLA Baa the 
swash plate ie siiewd a degree of freeian. these gyreeasic maamets wili 


imexeane the incidsace of blades atvancing ix tae éirection «f damemard 

tip path giame pitching ead decrease the inciieeme of xrvirenideg Blades. 
Thien cyclic feathering ection imexveases the deeming in pitch of the 
helicopter by éauping the pitching metien of the t1p path plane. Such o 
doaping ef the tip path plane with recpect te ita initial plone of 

rotation has em adverse effect vyou tae response cf a helicopter te 
comtvel imput bat the leg ef the tip path plane prevides mommste about the 
Pelicopter center of grerity whick have a atebilicing effect. It can vwadliy 
ee soon thet if tas bisde aeredynammic canter 1¢ lected bohind the feather riag 
atic tee voter's isharent dogping im pitch vili te increased by @ fatter 
dependent ugorn the eawuxt of aercdymamic center uffaet alace Gee aayestr ical 
Sic30e84 memaets wlll preface a cyclic plich change tendiag to oppose tae 
retor'e pitehing mebiea. Thie offaet ef tke tlade nerodyanmtie center alue 
regsita ia s teeters Tecdvece proportiosal to the trensiaticas. welocity of 


tke Kelicepter as ever the use of “ambered blades. Vala fascdbachk, kevewesr, 
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Sad & Shall effact in moet caseae. Ti sheala oe noted chat Lf the metic of 3 
aerodynamic unbalance of blade pitching woment coefficient te slagtic E 
wastreint ia tee great, am dnetebilicy cee oeeaz. : 
Because of the large mumber of variable invelyed, 24 anaiag commaler 
: was employed to obtain the velocity responses. Since tae characteristics 
a of the motion can be dewomstrated from either the attitude or ihe velocity 
responss, tue latter was utilized becsuse it permitted sume: simplification 
‘ } 
in gumlog operation. | 
This report covers the first phase of an investigation vhich will { 
conclude vith the installation on 4 helicopter model of the etabilization | 
; device described abcve. Por the purposes of later comparison with flight : | 
test data the results pregected in this paper were obtained for the model i 
to be tested. The general results and trends showld be equally valid for 
& Mili acale helicopner. 
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tf the want feedback proportions’ bo Borizoutel rvrelacity la neglected, 


S2 the nitcning velocity of the helicopter, 

whe aystem under consideration is equivalent to am eutepiict with feadback 
propertiosal to the helicopter pitching velocity and «a ¢Cime lar equei to the 
ratio of viseoms to elastic restraint. Under thro aemeptions, Bress! 

root locus method (Ref. 3) can be applied te tne ayatem (Fig. 2 aad 3}. 

If tae time lag is zero, the asystes performe like a pure rate gyre. 

The loces of rocts (Fig. 3, “2 « 6) shows that for zere gain the response 
is that of the unztabiliced beliconter: 4s the feedbeck magaituds is increased 
fro the texro value, the damping of the long period action isprerts wilie 
the period of oscillation increasas. For this condition, hovever, the 
helicopter cannot be asde more than neutrelly steble. he short period 
escilletion ia heavily demped in all cases and hae 2 negligible effect on the 
veaponse. 3s the tims lag is increased, better stamility characteristics 
aye Gbtainable. It eaculd oe soted that excerpt for very larg» walues of tine 
deg, increncing the guin not ony stabiliaus the nelicopter but inaressces 

the period of the long period omeillarion. This fepltes that the rate of 
response is decliéaliy decressad frase that of tae uneteabilized nea louptwr. 


Por the very Lerge: values of ties leg for maick the period of costilaticn 
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wuoetabiiized belicopter. The magnitude of the feedback fa prapertionss t 


3 : GB Ht wet F Os coe e Fas eas xa ph apenas Toe ‘ oe 7 AE Ps gee th Py 
the emrunt of blade canter of gravity or serodynmeic center offert ami 


pe ss "| ‘ 4 as eR ee ee mre Zep we 6+ by hgh sensg: Sig ee 
inversely proportional to the amuint of viscous corning ia tee restrniat. 


Yor any degvee of viscous Gexping in tho restraint a vers large spring 

conetant prodmces a very etiff regtraint and tae cesgonae of the helicopter 
‘ to any coniwvol motion approaches that of the wuetubllised configuration 

(Pig. & to G}. As the spring stiffaess ie decreesed the damping of the 
iong period oeciliation becomes grexter with the effect upon ths frequency 
Gependent upon the mwacunt of .iscous dsaping in the restraint. If the 
a;ring stitfnses is mainteiaed st a constant value uhile the amount of 
dmeping is wariad, it is found that e large viscous restraint approaches ' 


the unstabilizead condition: As the smount of viscous demping is lessened, 
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the frequency of the long period motion is decreased with the effect upon 
the damping of the oscillation varying according to the magnitude of the 
elastic reetreint (Fig. 7 to 9). 


Tf an offset velght on an othssrivice macy Deleanced blade is used to 
Gutain the necessary feedback of forers t2 Lhe ewash plete, the esount of 
foedback is properticonsl te ths product of the radial position, the 


ahordwiae position, aad the masa of the weight. An iacreesze in any of these ; 


parsesiere Lacreases the feedbeci. of the apetes (Fig. Mi and 22). 
Whereas the sasvention was wade in Chtaining the yeah inet thet 41h 


mn Bs caged 2ipung ag “8 tee bal on y mee Ges a a és zy, 
feedbacks except that propesticual toa pltubing wahocity ef tke tip pak 
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uga@ in obtaining the velacity FeRPONSE CULVER. The agreenent in the resvite 
guggeste that the assumption ig Justified gad. reeulte in a negligible error. 
fue roct loci and reaponge curves were cbteined for « miei helicopter : 
with the following characteristics: 
GO ~ .L7L0 red. 
fl 2 120.4 red. sec. | 
R = 3 ft. 
a = 5.75 = 
i i 
¢ « ,XO6 ft. j | 
B= 2.992 too] 
B m= .02K6 : 
@ = 34.13 ld. | 
h ao» $43 ft. 
e #6 
I = 206 
Yo 
Hi = 1.357 sings 
8, * -O436 rad. 
i, we 2077 ; 
bo ad 
iy Tt cembersdé blades ame utiiiced 1% should ts noted that too lares a 
ratio of biade pitching sement coefficiens ta elastio zeetraini ca camer 
; & longitedinsl Goergesce of the awash plate frwer sue Sram poaition. 
Simiiexiy an axtseetve blade eerodyramic center uffert van bewe Ghee caus 
geewuit. Dt vecid thetwiort not le ehivineule to make amy chetallaticu 
oe ‘ withenst & prebiminacsy 
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An evaluation of the umefulinesa of this methed af stebilisatiion is 
dependent wen toe type of contre. response desired. Ymeremeiac tee ehebi lity 
of the Delicapter results in so dweercase in the rete of reepemce. Ff it ts 
desired to aaiatain the rate of respones of tha wactabilicaed belicepter, sts 
system cannot be used by itself. In ordar to keep the origiond rete ef 
responae aad yet have a well damped osciliation, tine freqamecy af che ian 
period motion must be increased greatly without elleciug elber medss te 
pecoms mora poorly damped. This perhspe coula ba sccemplished Br a apetec 
investigated By Miller (Ref. 2) im which eu additioeal feedback fependert 
Wpon the motion of the tip pats plane with regpect te thee halicester was in- 
cludeé. Tris war not coesidered in the pressnt iawestigation dee te the 
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aircicalties iz paysically incorporating each a ifviage te a comrantienai 
retor system. 


fn any small kelicopter is which the rete of reueposse ia co lerge o6 
to be undesirable, thia meanr of stabilication appears to Lava great, poomioe. 
It sould perform the éue) task of reducing this kigk rate of vanpeuse and 
olec imparting & kigh degres af atability to the helicopter. Tue fact taet ; 
inetallation could be made at 6 minisem wight end coset pemlty i505 wessare 
higsivy valuable, 


It may be desirable to have differeat dsarecs af stebliity in stick- 
fised eu abick-free flight. A etiff enmbination cf vleccug and elastic 
restraints between the pilot's eed ond ths ewesh plate werskd speure & 
YTaplid rate of responses to & saniero® input. If Laem & emparntiviy sett i‘. 
comination of restraints were ‘placed en the piie«’s eonteel and tae 
i = ks 
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frame oF the nelisopter, 2 high degree of stability could be obtained in : 

etican-Troe Tight. ‘ 
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in derge belicopters, any lesa in rate of responses esusliy cannot) te 
telerated, in sid¢iion. enay incresse in alresdy levee atick forces by 
LASOrParstion GF Mase or serccyomnic uohelance rr unsdvieable. 
This seans of atabilizstion therefore agpeare to have little applicetion 


to helicopters of larger size. 
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i. By proper utilisation of blade anss cverbelence, serodynemic 
wuderbalance, and camber, and by intrsducing suitebie viscous end elastic 
restraints between the cyclic pitch semtrol asd the sonm-roteting part of 

: the swash plate, stadilisetian of sli modes of the antion of s balicopter 


econ be achieved. 


2. The puscadbility existe of making 6 Bslicompter extremely unctable 
by dupreper uee of the methods Gisceased bare. A theoretical amelyzis 
Weld therevoce be necezsary before sttaxpting any installation to take 
int account the peculiay cheractariatice cf the given configuration. : 
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3. Elnse it wos frond thet linitations exiat s2 to the rate of 
semponet ohbtuinebie when tis helicopter is stabdiized, ans evaluation of 
taie siebiiivation sxtked is dependent apo the tone of response deaired. 
3m MRL telicepoeré in dadeh tie: rate of response 2a eery Largs, tC 2 1 
ayetem growl dee & Bebaeed of wmeducing Tate wndagireiie cherneterietic ueilLe 
Makicg tte wtacs Stivhie, Gack @ sywhas would fertcrsore tet Geeioeble i 
frog the stenepcint of epigts. see@t. ami maimtasense. Poe to ths decrease | 
is vete of reapenee inherent) io tha oretem aed te sotestary latrewae on 
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& Further study iuvelring model testing will reveal wary of the 


wo 


eiffieoulties which might arige in an installation on a fell weale 


By 


helicopter. Guck a goadei testing progeee WIL) also sarve &¢ & Cheer 
on the theoretical analysia. 

S. “be geaerel trend indicated ia thls pager chovulLa cemeala the sane 
for say couventicasl full acale helicopter, Bowerer, because of tap 
change in jocaticu sf the roots on the complast plese, the ehaps of fies 


root locua curves {Fia. 3} my be wodified. 


; Ceres r See 
BESTS TORES 
peer ae sae 


ee ee 


- o = oe 
+ 


See PY TET Se TT SE 


ony ayer 


\e 


$ 
* 
’ 


ated aeeber ana sa 


RA mS RI SE RE a my 


RESTRICTED 


TN aed I 


5. LEsY oF SVABOLS 


SI da ge Oe ETT Oe St Proe Seaeieite tee ey 


A,B = isteral and lengitudinel components of swash plate 
incilsetion with reapect to shaft, rad. 


A « B a jateral snd longitudinal componenta of cyelie pitch 
Le —a¢ contrel position with respect to shaft, rad. 


H 2e,% e953 
(See RB.e° Ly eK, 


G. = Blade element pitching mawot coefficlent 
Db «© differential operator 
blade mcment of imertia about the flapping hinge = a mer ar 


A oe 
? ae £ 
I. = moment cf inertia of Lelicopter in pitch, Vba. ft. sec. 
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~ . rotor thrust, Lhe. 


TL ay etme ead tergeptial velocitice at 6 blade elerent, 
: + at? be 
a ee BS 


& « Hisde easement atfo cums sicpe, rad. 


@.. %, = longitudinal ani lateral ccmponents of ; rad. 
whe: 
ho o- pumber cf hladse 2 


© = blade chord, ft. 


Ca ter WS restrain? gteyct tiedey feathering axis. 
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St oO Lb se BEG ra i 
2 ve Ot en ., as we Boe: piced Rs alan at We +5 ad % ays 
hoo biases tug. Loraetien ahied af fem “ing ania, 
= ; aes 
percent stord 


2 « G@iatance of flapping hinge from retational axis, ft. 

bh « distence frame belicopter c.g. to mb, ft. 

A, « Dieds a.c- location shaad of feathering axis, percent giiee 
k, = elastic restraint about bisde feathering oxis, ft. kb. rad. 
1, w Ooffaet ness peartian ehead of blade feathering exis, ft. 

m « blade masa, glugs ree, 

a = helicopter translational mase, slugs 

a= offeet mas, slugs 

rom Bietance Te rtm rotetional axis to biade element, tte 

¥ w distence of offset mase from rotational axic, ft. 


vy ~« rotor induced relocity (assumed conetent over diec) 


*, Tq, 7a, = coordinstes of offeet mass referred to fixed axed, thi 


™ ty? %, = coordinates of hlade element referred to fixed axes, 


ft. (Fig. 12) 


: eeerdina tes of xrctor bunt referred to fixed axes, ft. 
(Fig. 12) 


ct, = belicoptar pitca snd roll angles referred to tized nxes, 


fF, « Rade flapping angle referred to fixed axes (Pig. 12) 


we On° A, COB: ue b, sing 


o, we blade coning sngbe, rad. 


. aah 
x} 
Oo « ween Rhede profile dveg coefficient 
3 « hisde witch amg.e refered to fiwed axes, rad. 
= &, ~ & cosy = ©, ain 


ls plete collective piteh angle. rade 
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&, = lateral component of @ ,raa. 
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&, = longitudinal component of G, rad. 
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mean inflow factor = _ 
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lade. ezimith position (Pig. 2) 


rotor speed, rads potas vi 
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if a wees @, fs ehiached te the biede ¥, @ul et 2 distance 


1, from the festhering axis, the moment of tiie mass about the feathering 


axila can be exprécaed Uy 
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if the binde center of gravity witheet the atteched mass is locate 
at @ Glatence dpc ahesd of the feathering axis (Fig. 13), the tlede 


dnerti® gmente about the feathering axis can be written as 
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